Vocal shimmer during sustained phonation was .measure.d in normal subiects and patients with laryngeal polyps, using the mean amplitude difference betw~eñ onsecutive cycles expressed in dB. A small laboratory computer was then used for mbasurmg each discrete amplitude and for data processing. The results showed some overlap etween the values for two groups studied, but nevertheless it appears~h,at th~mea~ured value .may be a useful index in screening for laryngeal disorders and for definitive diagnosis of such disorders.
The otolaryngologist has long used subjective evaluation of voice quality in the assessment of laryngeal disorders. At the same time, many have attempted to extract objective data from the acoustic signal that might provide critex:ia usable in the detection of laryngeal dISorders.
Lieberman.l-" for example, defined pitch perturbation as the difference in periods of adjacent glottal pulse. He further suggested that what he termed "the pitch perturbation factor," defined as the percentage of discrete perturbation exceeding 0.5 msec, might be a useful index in detecting a number of laryngeal diseases. Smith and Lieberman 3 in an extension of this work, set forth a number of relationships between selected parameters of pitch perturbation and various pathologic conditions, including laryngeal polyps and cancers.
Still later, Hecker and Kreul! suggested that there might be, in addition to the pitch perturbation factor, as such, a "directional perturbation factor." He defined this factor as the algebraic sign, or rate of progression, rather than simply the absolute magnitude of difference between adjacent glottal periods. Applying this criterion, he reported a significantly higher "directional perturbation factor" in pathologic speakers than those in normal speakers.
More recently, investigation by Hollien et al 5 into pitch perturbation in general has been facilitated by the use of the ultra-high speed camera. Taking a somewhat different tack, Koike" showed that a relatively slow periodic modulation of vowel amplitude was observed in patients with laryngeal neoplasms. He reasoned from this that the measurement and analysis of such modulation might be useful in assessing laryngeal pathology. Similarly, Crystal and jackson? measured both the fundamental frequency and amplitude perturbations of voices in persons with varying laryngeal conditions and concluded that several purely statistical measures of the data they extracted might be useful as guidelines in detecting laryngeal dysfunction.
In addition to these acoustic analyses of the pathologic voice, a number of studies have sought to clarify the concept of "roughness," using synthesized vocal sounds. Wendahl," for example, compared perceived roughness based upon auditory shimmer ( amplitude variation between successive glottal im---From the Vocal Dynamics Laboratory, Lenox Hill Hospital, New York, NY. Analog to Digital Conversion. A 360 msec duration of the voice signal was digitized after filtering through a 1500 Hz low pass filter."" " A 360 msec duration was used since this was the maximum duration of signal that the computer could process. The signal was sampled at 20,000/sec and quantized into nine bits. Measurements were made upon this digitized signal. these measurements, in tum, the amount of shimmer was calculated. The system used in collecting and processing the data is schematized in Figure 1 . The discrete steps involved are as follows:
Recording of V Dice. A magnetic recording of each subject, using a microphone" and a tape-recorder.... (at 19 em/sec) was done in a sound treated booth. The microphone to mouth distance was approximately 20 em. A stable portion of the sustained vowel I ai, uttered at a comfortable pitch and intensity, was used for analysis. Measurement. To measure the amplitude of the signal, a display scope was programmed to show the voice signal. Due to the capacity of the scope, approximately 25 msec duration of the signal could be displayed at once (Fig.  2) . The procedure used to measure the amplitude associated with each period is illustrated in Figure 3 .
Block diagram of the system used for recording and processing the data.
METHODS AND MATERIALS
The subjects were 32 men and 13 women with no laryngeal or pulmonary disorders, who served as normals or controls, and 19 men and six women who had vocal cord polyps of various sizes and locations. The diagnosis of polyps was made through indirect laryngoscopy. The age distribution was 17 to 74 years for the normals, 27 to 73 for those with vocal cord polyps.
Essentially, the approach was to record the voice of each subject after which the vocal signal was digitized so that the amplitude of the signal could be measured with the aid of a digital computer. The voice signal of 360 msec in duration was then measured and from pulses) to that based upon auditory jitter (rapid random variation in fundamental frequency). From his studies, he concluded that in instances where judges had reported a signal to be harsh in the absence of jitter, shimmer could conceivably account for the perception.
Analyzing the synthesized signal of constant amplitude, Coleman" reported that rapid changes in wave shape may result in the perception of roughness, whether or not jitter is present in the wave period pattern.
This study was designed to measure the amount of shimmer in the normal and pathologic voice. The aim was to formulate objective acoustic criteria that might be useful in differentiating one from the other. 
Where: N = the number of pitch periods measured, Ai = the amplitude of period i, Ai + 1 = the amplitude for the period following Ai.
Even in sustained phonation, slowly moving changes in pitch and amplitude were commonly observed, as is evident in the vibrato.t? If the formula (1), given above was used, the magnitude of shimmer would be masked or exaggerated by this slowly moving change. Therefore the formula (1) was modified in order to minimize these effects as follows. The original series of instantaneous amplitudes was smoothed so as to find a general trend which is considered to approximate the slowly moving changes. This smoothing is illustrated schematically in Figure 5 . The smoothed data that was obtained by the least square fitting method is shown with A' series (connected by dotted line), while the original data is shown with A series (connected by solid line). To eliminate the effect of movement A', -A', +l from the calculated result, the formula ( 1) was modified as follows: Fig. 4 . The points indicated by arrows were used for calculation; those marked by asterisks were not.
In practice, P"b and c were positioned using a cursor which was displayed on the scope. The coordinates of these points were memorized by pressing a switch of the control board. The amplitude Al was then calculated automatically by the computer on the basis of these three points. After the procedures on the first section were finished, a consecutive section of the signal was displayed for repeating the same procedures. It should be noted, however, that the shape of the sound wave was not always identical to that shown in Figure 3 . Accordingly, in the case of a voice signal having the configuration of that shown in Figure 4 , the points indicated by the arrows were used for calculation, while those marked by asterisks were not, considering the predominant configuration of repeated cycles.
Computation. Vocal shimmer was expressed as the mean amplitude difference between consecutive cycles in dB using the following: 
RESULTS AND DISCUSSION
Accuracy of Measurement, The accuracy of measurement is limited by the quantization error associated with the analog to digital conversion process, If the peak amplitude of the signal covers the entire range of the a-d converter, the error in measurement of the difference between two successive amplitudes may be as great as 0.04 db, In general, also, this error increases as the amplitude of the signal decreases, But since the amplitude in these studies always spanned more than one-half of the available range, it is expected that the measurement error never exceeds about 0.07 dB. An electronically generated periodic signal processed in the same fashion as a voice signal yielded a value up to 0.1 dB. Larger values than theoretically expected might be the result of other mechanical errors, such as the recorder or signal itself. Therefore it should be borne in mind that the value wihin 0.1 dB might be a system error.
Distribution of the Results. The values of vocal shimmer in 45 normal subjects ranged from 0.04 dB to 0.21 dB. The distribution is shown in Figure 6 ( vocal shimmer expressed in dB is shown on the absissa; number of subjects on the ordinate). As can be seen, 13 subjects out of 45 fall between 0.06 and 0.03 dB. Twenty-nine subjects have values between 0.04 and 0.10 dB. Many subjects, it was found, had vocal shimmer less than the maximum expected system error of 0.1 dB. This finding was not unexpected; in practice, it appears to indicate that the average system error was, in fact, somewhat less than 0.1 dB. For the subject with a value less than 0.1 dB it could also be that the svstem error was cancelling out.
. The most reliable statistical procedure for a normal standard in the clinical sense is considered to be the establishment of a critical region, which is defined by the following formula:
Where X, U and n are mean, root of unbiased variance and sample size, respectively. F N~1a indicates the value of F -distribution for the degree of freedom of f 1=1, f 2=n-1 at a given level of significance a. For any value outside this range, the hypothesis that the value belongs to the same normal population is rejected at the given level of significance. In this study, lower limit has no importance. The upper limit of the critical region of the shimmer on normal adults based on the present data is 0.19 dB. This calculation was performed with the F -value of 5% level of significance. Vocal shimmer in 25 subjects with polyps shows values from 0.03 to 3.23 dB. Five subjects show the values less than the critical regions of normals. The histogram of the values for 21 subjects with polyps is shown in Figure 7 . Four cases, it should be noted, are not shown since they fell outside of the range of the scale used. The overlap between the normals and abnormals is not unexpected because, in this study, the subjects with polyps were selected regardless of size and location of the polyp. It is thought that the small polyp located off the free margin of vocal cord has little effect upon the regularity of the vibration of vocal cords.
Although there is some overlap between the normals and abnormals, vocal shimmer, as defined and measured here, may nevertheless be a useful parameter for the differentiation of the two groups.
